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The  development  of  hydrologic  simulation  models  to  represent  each  of  the  8-‐digit  HUC  sections  
in  the  Winyah  Bay  drainage  basin  in  North  and  South  Carolina  required  the  use  of  several  methods  for  
the  representation  of  channels  and  for  precipitation  input  into  the  models.  These  models  are  being  
created  to  assess  water  quantity  and  quality  scenarios  under  changing  water  management,  land  use,  
and  climate.  Calibration  (1988-‐1992)  and  verification  (2001-‐2003)  are  complete  for  the  models  of  water  
quantity  using  the  Better  Assessment  Science  Integrating  point  and  Non-‐point  Sources/Hydrological  
Simulation  Program-‐Fortran  (BASINS/HSPF)  suite  of  programs  distributed  by  the  USEPA  (Aqua  Terra  
Consultants  2007).  The  Model-‐Independent  Parameter  Estimation  and  Uncertainty  Analysis  (PEST)  
program  was  also  used  to  assist  with  calibration  (SSP&A,  Inc.  2009).  PEST  is  a  program  that  tests  a  series  
of  parameter  values  for  the  user  and  determines  the  best  combination  of  parameter  values  for  
optimization  of  the  model.    
    
  
The  Black  and  Waccamaw  River  watersheds  are  entirely  in  the  Coastal  Plain  physiographic  
province;  the  Yadkin  Pee  Dee  watershed  also  includes  sections  in  the  Blue  Ridge  and  Piedmont.  
Streamflow  patterns  in  the  Blue  Ridge  and  Piedmont  are  dominated  by  direct  precipitation.  In  the  
Coastal  Plain  streamflow  generation  is  more  complex  due  to  factors  including  low  topographic  gradients,  
generally  larger  infiltration  rates,  wide  floodplains,  and  shallow  water  tables  across  large  areas.  
Precipitation  patterns  on  the  Coastal  Plain  also  have  greater  spatial  variability,  which  presents  
challenges  for  correct  representation  in  the  models.    After  first  using  individual  weather  station  data,  a  
weighted,  Thiessen  polygon  approach  was  developed  to  better  represent  the  complex  precipitation  
patterns  occurring  on  the  coast.  RADAR  data  was  also  used  to  better  understand  precipitation  surfaces  
in  space  and  time.  An  alternative  method  was  used  to  generate  the  channel  representations  for  these  
coastal  watersheds  as  well.  Details  of  these  approaches  and  results  are  presented  below.        
  
A  combined  precipitation  approach  was  determined  to  be  a  better  approach  to  representing  
precipitation  patterns  in  the  model  than  using  individual  stations.  Tools  in  ArcMap  were  used  to  create  
Thiessen  polygons  around  the  meteorological  stations  within  the  proper  time  frames.  The  Thiessen  
polygons  were  then  clipped  to  the  watershed  boundaries,  and  the  areas  of  intersection  were  calculated.  
These  areas  were  used  to  weight  each  of  the  precipitation  stations,  so  that  stations  in  the  middle  of  the  
watershed  were  given  greater  weight  than  stations  closer  to  the  boundaries  of  the  watershed.  These  
weights  were  used  to  create  a  combined  precipitation  file.  This  information  was  then  imported  into  
WDMUtil,  in  which  all  of  the  other  observed  meteorological  and  flow  data  were  stored  (Aqua  Terra  
Consultants  2001).  This  method  was  originally  adapted  for  watersheds  within  the  Coastal  Plain  and  was  
then  extended  to  other  watersheds  in  the  study  area.  In  fact,  there  was  only  one  watershed  for  which  
this  method  was  not  used  (HUC  03040104,  Upper  Pee  Dee  River)  because  there  is  a  meteorological  
station  just  north  of  the  watershed  that  captures  the  precipitation  events  contributing  to  surface  and  
ground  flows  very  well.    
  

Radar  data  were  downloaded  from  the  National  Climatic  Data  Center  (NCDC),  compiled,  and  
converted  into  shapefile  format.  The  Digital  Precipitation  Array  files  were  used,  which  the  NCDC  website  
describes  ĂƐ͕͙͞an  array  format  of  estimated  one  hour  precipitation  accumulations͙͟  (NCDC  2010).  
Since  each  file  contained  a  one  hour  precipitation  accumulation  estimate,  and  there  is  usually  a  value  at  
six  minute  intervals,  averaging  the  values  was  the  best  way  to  estimate  one  hour  accumulated  
precipitation  for  each  square  of  the  grid.  All  of  this  information  was  compiled  in  an  Excel  spreadsheet  for  
specific  grid  locations  that  intersect  with  the  Waccamaw  watershed.      
  
We  selected  four  grid  locations  for  five  different  regions  within  the  upper  Waccamaw  watershed.  
The  precipitation  data  for  the  four  locations  were  then  averaged  together  and  the  resulting  precipitation  
was  input  into  the  model,  with  each  of  the  five  precipitation  files  representing  several  reaches  with  
which  the  grid  locations  intersected.  Because  of  the  time  intensive  work  involved  in  converting  the  
original  NCDC  files  into  a  usable  format,  and  then  extracting  the  necessary  data,  only  two  months  of  
radar-‐derived  precipitation  (July  and  August  of  2001.)  were  used  as  a  test  of  whether  the  data  improve  
the  simulations  For  the  rest  of  the  time  period,  from  January  2001  through  December  2003,  rain  gage  
precipitation  data  was  used,  available  from  the  NCDC  as  well.    
  
It  should  be  noted  that  the  2001  to  2003  time  period  was  originally  intended  to  be  used  as  the  
verification  interval,  and  was  used  as  such  for  all  of  the  other  watersheds  in  the  study.  However,  after  
many  problems  with  calibrating  the  Waccamaw  River  for  the  1988  to  1992  period,  it  was  determined  
that  there  might  be  some  errors  with  the  USGS  gage  flow  data.  We  then  turned  to  the  2001  to  2003  
interval  for  calibration,  with  much  success.  Although  this  is  a  very  dry  period,  like  the  1988  to  1992  
period,  HSPF  and  PEST  were  much  more  capable  of  modeling  the  flows.  Indeed,  the  final  results  of  
calibration  resulted  in  excellent  statistics  (Table  1).    
  
Table  1.  Calibration  statistics  for  the  Waccamaw  Watershed  

Interval  
daily  
monthly  
total  
monthly  
mean  

R2  
0.8583  

Mean  
509.65  

0.8591   15493.94  
0.8609  

509.42  

Standard  
Nash-‐
Percent  
deviation   Sutcliffe  
bias    
556.37   0.84204   -‐9.3584  

Mean  
absolute  
error  (MAE)  
114.664  

Root  mean  
squared  
error  
(RMSE)  
209.07  

RMSE  
Mean  
standard  
squared  
Index  of  
deviation   relative  error   Agreement  
ratio  (RSR)  
(MSRE)  
(d)  
0.3067  
311.775  
0.9507  

14516.82   0.75005  

8.5444  

9236.772  

5536.30  

0.3058  

134.485  

0.9485  

474.18   0.75176  

-‐8.4496  

102.317  

180.21  

0.3045  

134.485  

0.9489  

  
  
After  inputting  the  radar  precipitation  for  the  months  of  July  and  August  of  2001,  further  PEST  
runs  were  completed.  Although  some  of  the  statistics  showed  improvement,  using  parameter  values  
derived  from  PEST  before  the  radar  precipitation  was  used  produced  better  statistics  used  in  
conjunction  with  the  radar  precipitation  than  the  values  derived  from  PEST  with  the  radar  precipitation.  
The  statistics  from  this  run  are  shown  below.  In  summary,  the  parameter  values  used  for  both  of  the  
runs  for  which  statistics  are  shown  are  identical.  The  only  difference  between  the  two  runs  is  that  the  

second  run  included  two  months  for  which  the  rain  gage  precipitation  was  replaced  with  radar  
precipitation.  The  radar  test  was  then  extending  to  include  September  and  October  2002.  This  period  
was  selected  because  the  region  was  emerging  from  an  extended  drought  into  a  wetter  period.  
  
  
Table  2.  Calibration  statistics  for  the  Waccamaw  Watershed  (with  radar  precipitation  during  two  
month  window)  
  

Interval  
daily  
monthly  
total  
monthly  
mean  

2

R   
0.8584  

Mean  
451.80  

451.65  

-‐3.165  

8188.356  

5557.24  

0.3070  

59.477  

0.9459  

3.261  

89.868  

180.99  

0.3058  

59.477  

0.9463  

Standard  
Nash-‐
Percent  
deviation   Sutcliffe  
bias    
530.431   0.83593  
3.054  

0.8638   13735.31   13879.706   0.72241  
0.8653  

Mean  
absolute  
error  (MAE)  
105.063  

Root  mean  
squared  
error  
(RMSE)  
213.07  

453.857   0.72467  

RMSE  
Mean  
standard  
squared  
Index  of  
deviation   relative  error   Agreement  
ratio  (RSR)  
(MSRE)  
(d)  
0.3126  
141.774  
0.9465  

  
  
We  adapted  the  alternative  FTABLE  method  created  by  Yusuf  M.  Mohamoud  to  represent  
channels  in  the  coastal  plain.  This  method  allows  for  there  to  be  two  different  MĂŶŶŝŶŐ͛ƐEǀĂůƵĞƐ͕ŽŶĞ
for  the  channel  and  another  for  the  floodplain.  However,  this  method  was  not  created  to  be  used  for  the  
coastal  plain,  so  we  adjusted  the  values  suggested  for  the  floodplain  MĂŶŶŝŶŐ͛ƐE͘&ŽƌƚŚĞ>ŽǁĞƌWĞĞ
Dee  (HUC  03040201),  we  adapted  this  method  further.  Because  of  the  large  upstream  inflows,  this  
method  failed  to  work.  The  method  is  intended  to  be  used  with  reaches  that  have  drainage  areas  equal  
to  or  less  than  400  square  miles.  ^Ž͕ǁĞƵƐĞĚƚŚĞ͞ŽŵƉƵƚĞEĞǁ͟&d>ƚŽŽůƚŽŐĞŶĞƌĂƚĞ&d>^ǁŝƚŚ
ƚŚĞŵĂŶŶŝŶŐ͛ƐEĂƚϬ͘Ϭϵ;ƚŽƌĞƉƌĞƐĞŶƚƚŚĞĐŚĂŶŶĞůͿĂŶĚĂƚϬ͘ϰ;ƚŽƌĞƉƌĞƐĞŶƚƚŚĞĨůŽŽĚƉůĂŝŶͿ͘tĞƚŚĞŶ
combined  the  FTABLES,  so  that  the  channel  MĂŶŶŝŶŐ͛ƐEǁĂƐƵƐĞĚĂƚƐŚŽƌƚĞƌĚĞƉƚŚƐĂŶĚƚŚĞĨůŽŽĚƉůĂŝŶ
ŵĂŶŶŝŶŐ͛ƐEǁĂƐƵƐĞĚĂƚŽŶůǇƚŚĞĚĞĞƉĞƐƚĚĞƉƚŚƐ;ƵƐƵĂůůǇƚŚĞĨŝŶĂůƚǁŽƌŽǁƐŽĨƚŚĞ&d>Ϳ͘This  
method  did  a  much  better  job  of  representing  channel  flows  and  overall  flow  volumes.    
  
Current  work  includes  using  future  climate  scenarios  and  projected  land  use  change  to  simulate  
alternative  streamflow  outcomes.  These  scenarios  are  coupled  to  PRISM,  an  artificial  neural  network  
model  of  coastal  salinity  intrusion.  This  model,  developed  by  Paul  Conrads  and  colleagues,  allows  for  the  
investigation  of  the  possible  effects  of  long-‐term  climate  and  land  use  change  on  stream  flow,  sea  level,  
and  the  extent  and  timing  of  high  salinity  events  (Conrads  2010).    
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